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Association Between Colonoscopy and Colorectal Cancer
Mortality in a US Cohort According to Site of Cancer and
Colonoscopist Specialty

Nancy N. Baxter, Joan L. Warren, Michael ]. Barrett, Therese A. Stukel, and V. Paul Doria-Rose

A B S T R A C T

Purpose
We designed this study to evaluate the association of colonoscopy with colorectal cancer (CRC)

death in the United States by site of CRC and endoscopist specialty.

Methods

We designed a case-control study using Surveillance, Epidemiology, and End Results (SEER)-
Medicare data. We identified patients (cases) diagnosed with CRC age 70 to 89 years from January
1998 through December 2002 who died as a result of CRC by 2007. We selected three matched
controls without cancer for each case. Controls were assigned a referent date (date of diagnosis of the
case). Colonoscopy performed from January 1991 through 6 months before the diagnosis/referent
date was our primary exposure. VWWe compared exposure to colonoscopy in cases and controls by using
conditional logistic regression controlling for covariates, stratified by site of CRC. We determined
endoscopist specialty by linkage to the American Medical Association (AMA) Masterfile. We assessed
whether the association between colonoscopy and CRC death varied with endoscopist specialty.

Results

We identified 9,458 cases (3,963 proximal [41.9%], 4,685 distal [49.5%], and 810 unknown site
[8.6%]) and 27,641 controls. In all, 11.3% of cases and 23.7% of controls underwent colonoscopy
more than 6 months before diagnosis. Compared with controls, cases were less likely to have
undergone colonoscopy (odds ratio [OR], 0.40; 95% ClI, 0.37 to 0.43); the association was stronger
for distal (OR, 0.24; 95% Cl, 0.21 to 0.27) than proximal (OR, 0.58; 95% Cl, 0.53 to 0.64) CRC. The
strength of the association varied with endoscopist specialty.

Conclusion
Colonoscopy is associated with a reduced risk of death from CRC, with the association

considerably and consistently stronger for distal versus proximal CRC. The overall association was
strongest if colonoscopy was performed by a gastroenterologist.

J Clin Oncol 30:2664-2669. © 2012 by American Society of Clinical Oncology

ies also demonstrate greater effectiveness of
colonoscopy in the distal colon and rectum versus

Colorectal cancer (CRC) is common worldwide;
population-based screening has been proposed to
reduce morbidity and mortality from CRC. Screen-
ing with fecal occult blood testing or flexible sig-
moidoscopy has been demonstrated in randomized
trials to be effective for reduction of CRC deaths.'™*
Despite a lack of clinical trial data establishing effec-
tiveness, colonoscopy is the most common method
of CRC screening in the United States.” In a US
survey, 95% of primary care physicians recom-
mended colonoscopy as the preferred CRC screen-
ing modality.®

Recently published cohort and case-control
studies”™'"® confirm an association between colono-
scopy and CRC incidence/mortality. These stud-
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the proximal colon; however, the mechanisms are
unclear. Quality of colonoscopy may be impor-
tant; poor-quality colonoscopy may reduce effec-
tiveness, primarily in the proximal colon. Most
studies were conducted outside the United States.
Because, as suggested by some authors,'® the qual-
ity of colonoscopy in those studies may differ
from colonoscopy in the United States, we de-
signed this study using US data. We hypothesized
that colonoscopy would be associated with de-
creased CRC mortality, the strength of the associ-
ation would be greater for distal versus proximal
cancer, and the strength of the association would
vary with a surrogate marker of quality (endosco-
pist specialty).
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Study Design

We designed a case-control study of the association of colonoscopy and
CRC deaths. We measured odds of exposure to colonoscopy in cases (patients
who died as a result of CRC) and controls (persons without cancer) and
calculated an odds ratio (OR) for exposure.

Data Sources

We used Surveillance, Epidemiology, and End Results (SEER) cancer
registry data linked to Medicare enrollment and utilization data.'” The Na-
tional Cancer Institute—sponsored SEER program collects information on
cancer incidence and survival from population-based registries in geographic
areas representing 26% of the US population.'® Medicare provides health care
for 97% of the US population age 65 years or older. Cancer cases reported to
SEER have been matched to the Medicare enrollment file to facilitate re-
search.!” The SEER-Medicare data include beneficiaries without cancer, de-
rived from a random 5% sample of beneficiaries residing in SEER areas.

For Medicare patients not in managed care, SEER data and Medicare
claims for hospitalizations, outpatient visits, and physician services are avail-
able. Claims submitted to Medicare using International Classification of Dis-
eases Ninth Revision (ICD-9) procedure and diagnosis codes, Current
Procedural Terminology (CPT) codes, and Healthcare Common Procedure
Coding System Level II (HCPCS II) codes reflect medical services provided.
Claims from outpatient facilities and physicians include Unique Physician
Identification Numbers (UPIN) for providers.

Cases

We identified cases from SEER data (Fig 1) diagnosed with invasive CRC
from January 1, 1998, through December 31, 2002, as their only cancer diag-
nosis in SEER. To identify patients who had CRC diagnosed outside SEER
areas and were therefore not recognized as having CRC in the cancer registry,
we excluded patients with hospital or physician claims in Medicare for CRC
more than 6 months before the date of diagnosis (Appendix Table A1, online
only). We included only patients who died of malignancy from January 1,
1998, through December 31, 2007, who were age 70 to 89 years at diagnosis. To

All patients with CRC in SEER with diagnosis date 1998-2002
(n=118,431)

M

Include only first cancer diagnosis (excludes 36,227)

\

Include only invasive adenocarcinoma (excludes 6,479)

¥

Include only those who died as a result of cancer between
January 1, 1998 and December 31, 2007 (excludes 47,731)

Include only those age 70-89 years at date of diagnosis
(excludes 9,739)

Include only those enrolled in Medicare Parts A and B from age
65 years through diagnosis and those not enrolled in managed
care prior to date of diagnosis (excludes 8,312)

\

Include only those with no evidence of ICD-9 diagnosis of CRC at
any time prior to 6 months before diagnosis (excludes 414)

\

Include only those with at least one matching control (excludes 71)

\

N =9,458

Fig 1. Selection of cases. CRC, colorectal cancer; ICD-9, International Classification
of Diseases, ninth revision; SEER, Surveillance, Epidemiology, and End Results.

WwWW.jco.org

ensure complete Medicare claims, patients had fee-for-service coverage and
were enrolled in Part A and Part B from age 65 through diagnosis. After
exclusions, we identified 9,458 cases. We planned to evaluate patients by site of
primary CRC as assessed by SEER registrars (proximal cancer [proximal to the
splenic flexure], distal cancer [splenic flexure to rectum], or unknown site).
For secondary analyses, we stratified by age, sex, and race.

Controls

From the SEER-Medicare noncancer sample, we selected people en-
rolled in Medicare Part A and B from age 65 years (controls). Cases and
controls were matched for sex, year of birth, race, and SEER registry. For each
potential matched control, we defined a date corresponding to the diagnosis
date of the case, termed the “referent date.” We excluded controls who were
enrolled in managed care or who had evidence of CRC in hospital or physician
claims before the referent date. We excluded those who died before the date of
death of the matched case. We randomly selected three controls from all
potential matches and assigned them to a case, forming the control group.

Determining Exposure

We identified any colonoscopy using ICD-9, CPT, and HCPCS II codes
(Appendix Table A1) appearing on hospital, outpatient clinic, or physicians’
claims performed from January 1, 1991, to 6 months before the date of
diagnosis/referent date. Any colonoscopy performed from date of Medicare
enrollment was included as an exposure; every study participant had at least 4
years of potential exposure to colonoscopy (Appendix Table Al). We treated
exposure to colonoscopy as binary: those who had at least one colonoscopy
were considered exposed; for patients who had more than one colonoscopy,
the first colonoscopy was considered the exposure.

Screening colonoscopy was not a Medicare-covered service for most of
the exposure period. To exclude those colonoscopies performed to evaluate
CRC symptoms, confirm diagnosis, or search for metachronous tumor, we
excluded colonoscopies done within 6 months before the date of CRC diag-
nosis (referent date). To validate our choice, we recalculated the OR for the
association of colonoscopy and CRC death for windows varying from 0 to 12
months. The ORs were similar for exclusion time periods ranging from 2 to 12
months (Appendix Fig Al, online only), suggesting that the inclusion of
diagnostic colonoscopies had little effect on results and that a 6-month exclu-
sion period was reasonable, as found previously.” Medicare colonoscopy codes
require that the colonoscope is inserted past the splenic flexure. Although a
code for incomplete colonoscopy exists, it is rarely used, and our exposure
therefore includes complete and incomplete colonoscopies.

Specialty of Colonoscopist

We determined the UPIN of the colonoscopist from physician and
outpatient files and linked this to the AMA Physician Masterfile. The AMA
Masterfile'® contains data for physicians in the United States, including infor-
mation on physician specialty and UPIN. We determined physician specialty
on the basis of primary and secondary specialties listed in the Masterfile. We
considered the endoscopist to be a gastroenterologist if the primary or second-
ary specialty was gastroenterology or hepatology. We considered the endosco-
pist to be a surgeon if general surgery, colorectal surgery, abdominal surgery, or
surgical oncology were the primary or secondary specialty. We classified an
individual as a primary care provider if that person had a primary or secondary
specialty of internal medicine, family practice, general practice, or geriatrics
but not gastroenterology. For UPINs not matched to AMA data, we used
provider specialty reported on the Medicare claim for the colonoscopy, classi-
fied in the same way. Providers not meeting these definitions were classified
as “other.”

Determining Covariates

We controlled for factors potentially related to both CRC mortality and
colonoscopy access. We determined comorbidities from diagnoses in hospital,
physician, and outpatient files from 2 years to 1 month before the diagnosis/
referent date. Comorbidities were classified by using comorbidities related to
CRC mortality from Klabunde’s comorbidity measurement algorithm for
claims-based studies®® (we did not use an index; instead, we entered comor-
bidities directly into our models). Socioeconomic status was based on the
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median income at the ZIP code level, categorized in quintiles. Level of urban-
icity was determined from the SEER file.

Statistical Analysis

We calculated descriptive statistics by case-control status. We performed
conditional logistic regression, adjusting for individual comorbid conditions,
socioeconomiic status, and urban/rural status to calculate the adjusted OR for
the association between colonoscopy and CRC death with 95% Cls, overall
and stratified by cancer site. In a secondary analysis, we determined ORs
between colonoscopy and CRC death according to provider specialty (gastro-
enterologist, surgeon, primary care provider, and other/missing v no colono-
scopy). We then assessed whether CRC death was lower for gastroenterologists
versus all other providers among individuals who underwent colonoscopy by
directly comparing these corresponding ORs using a contrast statement
(STATA, College Station, TX). We fit models stratified by sex, age (70 to 75
or > 75 years), and race (white, black, other) to determine whether the
association was consistent between these groups.

With the exception of the STATA analysis, data were analyzed by using
SAS, version 9.2 (SAS Institute, Cary, NC). All statistical tests were two-sided.
The SEER-Medicare data are classified as exempt by the National Institute of
Health’s Office of Human Subjects Research.

We identified 9,458 cases (Fig 1) and selected 27,641 controls. For 431
cases, only two matching controls could be identified. For 151 cases,
only one control could be matched. Median age at diagnosis was 80
years, and 57.4% of participants were women (Table 1). Colonoscopy
data were available for a median of 9.4 years before diagnosis/referent
date; 7,619 participants (20.5%) had a colonoscopy more than 6
months before the diagnosis/referent date.

CRC was proximal in 3,963 (41.9%), distal in 4,685 (49.5%), and
unknown in 810 (8.6%) of cases. A total of 1,073 cases (11.3%) and
6,546 controls (23.7%) had colonoscopy more than 6 months before
the diagnosis/referent date. Rate of colonoscopy in cases varied by
tumor site (7.1%, distal; 15.7%, proximal; and 14.7%, unknown CRC
site). The rate of colonoscopy in matched controls did not vary by site
of primary CRC in the matched case (23.7%, distal; 23.7%, proximal;
and 23.4% unknown site in controls matched to cases). Most colono-
scopies (65.3%) were performed by gastroenterologists (Table 1).
Cases were less likely than controls to have undergone colonoscopy
(adjusted conditional OR, 0.40; 95% CI, 0.37 to 0.43; P < .001; Table
2); however, the association differed by site of primary CRC. The
association was stronger for distal CRC (OR, 0.24; 95% CI, 0.21 to
0.27) than for proximal CRC (OR, 0.58; 95% CI, 0.53 to 0.64) or for
cancer of unknown site (OR, 0.54; 95% CI, 0.43 to 0.68). In stratified
analysis, the association between colonoscopy and the risk of CRC
death was weaker in women (OR, 0.44) and older individuals (0.45;
Table 3). There was a reduced risk of CRC death with colonoscopy
irrespective of provider specialty (Table 4); however, the association
was not uniform and was stronger if colonoscopy was performed by a
gastroenterologist (OR, 0.35; 95% CI, 0.32 to 0.39) versus a surgeon
(OR, 0.55;95% CI, 0.47 to 0.64) or a primary care provider (OR, 0.43;
95% CI, 0.33 to 0.55). In direct comparison, colonoscopy performed
by a gastroenterologist was significantly more protective for CRC
death than colonoscopy performed by other providers (OR for
colonoscopy performed by gastroenterologists v other specialties,
0.71; 95% CI, 0.62 to 0.81).

2666 © 2012 by American Society of Clinical Oncology

Table 1. Characteristics of Cases and Controls
Cases Controls
(n = 9,458) (n = 27,641)
Characteristic No. % No. %
Age, years
Median 79.9 79.8
Range 70.0-89.9 69.1-90.8
Women 5,432 57.4 15,986 57.8
Socioeconomic status, $*
Quintile 1 (= 32,465) 1,835 19.4 5,332 193
Quintile 2 (32,466-39,906) 1,782 18.8 5410 19.6
Quintile 3 (39,907-48,544) 1,849 19.6 5,333 193
Quintile 4 (48,545-60,942) 1,830 19.3 5335 193
Quintile 5 (= 60,943) 1,767 18.7 5,405 19.6
Unknown 395 4.2 826 3.0
Cumulative comorbidities
0-1 7,237 765 21,723 786
2-3 1,741 18.4 4,626 16.7
>3 480 5.1 1,292 4.7
Race
White 8,275 875 24,3838 882
Black 784 8.3 2,165 7.8
Other 385 4.1 1,064 3.9
Unknown 14 0.15 24 0.09
Urban/rural status
Metropolitan area with population
= 1 million 5,036 533 13,947 505
Metropolitan area with population
< 1 million 2,674 283 8,091 293
Urban area with population > 20,000 661 7.0 1,975 7.1
Urban area with population
2,600-19,999 910 9.6 2,866 10.4
Rural 176 1.9 708 2.6
Unknown =02 =0.2
Time of observation before date of
diagnosis/referent date, months
Median 113 113
Range 61-144 50-144
Undergoing any colonoscopy = 6
months before date of diagnosis/
referent date
Any colonoscopy 1,073 11.3 6,546  23.7
Colonoscopy by a gastroenterologist 629 6.7 4,347  15.7
Colonoscopy by a surgeon 220 2.3 998 3.6
Colonoscopy by a primary care
physician 75 0.8 445 1.6
Colonoscopy, provider unknown/other 149 1.6 756 2.7
Site of cancer at diagnosis
Proximal 3,963 41.9
Distal 4,685 495
Unknown 810 8.6
“Socioeconomic status is measured by income quintile, based on the mean
household income of the enumeration area of residence.

In our large, US population-based case-control study, colonoscopy
was associated with an OR of 0.40 (95% CI, 0.37 to 0.43) for CRC
mortality, indicating a substantial protective effect. The association
was considerably stronger for distal CRC (OR, 0.24; 95% CI, 0.21 to
0.27) than for cancers elsewhere; however, the protective association
with proximal CRC (OR, 0.58; 95% CI, 0.53 to 0.64) and CRC of
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Table 2. OR for Association Between Colonoscopy and CRC Mortality for Any Colonoscopy

5

All Cancers Proximal Cancer Distal Cancer Unknown Site of Cancer
Colonoscopy Status OR 95% CI OR 95% CI OR 95% CI OR 95% ClI
No colonoscopy 1.00 1.00 1.00 1.00
Any colonoscopy 0.40 0.37t00.43 0.58 0.53t00.64 0.24 0.21t00.27 0.54 0.43 10 0.68

Abbreviations: CRC, colorectal cancer; OR, odds ratio.

“Conditional logistic regression, adjusted for comorbidities, socioeconomic status, and urban/rural status.

unknown site (OR, 0.54, 95% CI, 0.43 to 0.68) indicate a clinically
meaningful reduction in risk of CRC death with colonoscopy
throughout the colon and rectum. The association between colonos-
copy and the risk of CRC death was weaker in women and older
individuals, groups more likely to have proximal CRC*"** than men
or younger individuals.

There have been many recent case-control studies and
cohort studies''? evaluating the association of colonoscopy with
incidence and mortality from CRC; our findings are consistent with
these studies. Case-control studies that use a mortality end point
report OR for mortality from CRC associated with colonoscopy rang-
ing from 0.45 (95% CI, 0.20 to 0.98) in the Netherlands® to 0.69 (95%
CI, 0.63 to 0.74) in Ontario, Canada.” Cohort studies demonstrate
similar findings. A stronger association between colonoscopy and
CRC has been demonstrated when CRC incidence is the end point of
interest.'®'** A recent case-control study from Germany'” found the
OR for CRC incidence associated with colonoscopy was 0.19 (95% CI,
0.16 to 0.23). Many factors may account for the wide range in esti-
mates of colonoscopy effectiveness. First, colonoscopy may have

8-10,13-15

greater impact on CRC incidence than mortality; cancers developing
from the adenoma to carcinoma sequence in an indolent fashion may
be easier to detect and prevent than aggressive cancers that rapidly
progress or develop de novo—an example of length time bias.**
The proportion of individuals in the control group who underwent
colonoscopy in these studies ranges from 2.2%® to 41%'%; in our
study, a relatively high proportion of the control group (24%)
underwent colonoscopy. In populations with low baseline rates of
colonoscopy, individuals undergoing colonoscopy may have
higher risk of CRC incidence or mortality (for example, due to
family history®®) than those not undergoing colonoscopy. A study
of colonoscopy effectiveness conducted in such a population may
result in an estimate biased toward the null. In contrast, in popu-
lations with high rates of colonoscopy, those not undergoing
screening may systematically differ from those screened in ways
that increase the risk of CRC incidence and/or CRC death. For
example, individuals with a healthy lifestyle may be more likely to
undergo screening but may be at a lower risk of CRC than individ-
uals not undergoing screening.”® A study conducted in such a

Table 3. OR for Association Between Any Colonoscopy and CRC Mortality Stratified by Age, Sex, and Race™
All Cancers Proximal Cancer Distal Cancer Unknown Site of Cancer
Variable OR 95% ClI OR 95% Cl OR 95% Cl OR 95% ClI
Age at diagnosis, years
70-75
No colonoscopy 1.00 1.00 1.00 1.00
Any colonoscopy 0.28 0.24t00.33 0.43 0.34 t0 0.563 0.16 0.12t0 0.21 0.45 0.26t0 0.77
> 75
No colonoscopy 1.00 1.00 1.00 1.00
Any colonoscopy 0.45 0.42100.49 0.64 0.57t00.71 0.27 0.24t0 0.31 0.58 0.45100.75
Female
No colonoscopy 1.00 1.00 1.00 1.00
Any colonoscopy 0.44 0.40t00.48 0.62 0.551t00.70 0.24 0.21t00.29 0.65 0.491t00.86
Male
No colonoscopy 1.00 1.00 1.00 1.00
Any colonoscopy 0.35 0.311t00.39 0.52 0.44 10 0.61 0.24 0.20t00.28 0.40 0.27t0 0.59
White
No colonoscopy 1.00 1.00 1.00 1.00
Any colonoscopy 0.40 0.37t00.43 0.58 0.52 10 0.64 0.23 0.21t00.27 0.53 0.42 10 0.68
Black
No colonoscopy 1.00 1.00 1.00 1.00
Any colonoscopy 0.47 0.36t0 0.61 0.62 0.42 t0 0.90 0.32 0.211t00.49 0.58 0.2310 1.48
Other race
No colonoscopy 1.00 1.00 1.00 1.00
Any colonoscopy 0.38 0.25t00.57 0.53 0.28t0 0.99 0.26 0.14 t0 0.50 0.13 0.011t01.83
Abbreviations: CRC, colorectal cancer; OR, odds ratio.
“Conditional logistic regression, adjusted for comorbidities, socioeconomic status, and urban/rural status.
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Table 4. OR for the Association Between any Colonoscopy and CRC Mortality by Specialty of Colonoscopist®

Unknown Site of

All Cancers Proximal Cancer Distal Cancer Cancer
Variable OR 95% CI OR 95% Cl OR 95% Cl OR 95% ClI
No colonoscopy 1.00 1.00 1.00 1.00
Any colonoscopy performed by:
Gastroenterologist 0.35 0.32t00.39 0.52 0.46 to0 0.569 0.20 0.171t00.23 0.47 0.35t00.62
Surgeon 0.55 0.47t0 0.64 0.74 0.591t00.91 0.35 0.27 t0 0.45 0.99 0.62t0 1.59
Primary care physician 0.43 0.33t00.55 0.63 0.4510 0.90 0.24 0.15t0 0.36 0.85 0.42t01.74
Other/unknown 0.48 0.40t0 0.57 0.72 0.56 to0 0.92 0.32 0.241t00.43 0.38 0.20t0 0.71

Abbreviations: CRC, colorectal cancer; OR, odds ratio.

“Conditional logistic regression, adjusted for comorbidities, socioeconomic status, and urban/rural status.

population may result in an overestimation of the association
between colonoscopy and CRC incidence and/or mortality.

Effectiveness of colonoscopy is dependent on detection and re-
moval of cancer precursors and early detection of cancers.”” Poor-
quality colonoscopy may result in failure to evaluate the entire colon
or failure to detect cancer precursors. Many organizations'® and indi-
viduals®**” have proposed inadequate performance as an explanation
of the weaker-than-expected association between colonoscopy and
CRC death found in the Canadian case-control study.” Our study
provides evidence to support a relationship between quality of colono-
scopy and effectiveness; the association of colonoscopy with CRC
mortality varied according to the specialty of the colonoscopist. The
association was significantly stronger for colonoscopy performed by a
gastroenterologist; gastroenterologists receive more extensive colono-
scopy training during fellowship than physicians with other special-
ties.”® Given that colonoscopy is a complex skill with a long learning
curve, quality of gastroenterologist-provided colonoscopy may be
higher on average than colonoscopy provided by other providers,
although at the individual level, there will be poor-quality performers
who are gastroenterologists and high-quality performers who are not
gastroenterologists. The relationship between provider specialty and
colonoscopy effectiveness is supported by the literature. In the US
Medicare population, colonoscopy performed by a gastroenterologist
was more likely to result in the removal of polyps than colonoscopy
performed by providers who are not gastroenterologists.”* Other au-
thors have demonstrated an increased risk of CRC development
within 3 years of colonoscopy performed by a provider who is not
a gastroentologist.”>*

All observational studies, including ours, are at risk of con-
founding by unmeasured factors, and it is not possible to deter-
mine a precise estimate of the effectiveness of colonoscopy from
such studies. However, the overall consistency of the literature is
compelling; colonoscopy is effective for prevention of CRC mor-
tality. Our study also demonstrated a marked difference in the
strength of the association of colonoscopy with CRC death for
proximally and distally located cancers, another remarkably con-
sistent finding.”'>'>** What underlies this? Again, quality of
colonoscopy has been proposed as a major mechanism'>'®?;
however, our study demonstrates the relative difference in the
strength of the association between colonoscopy and CRC mortal-
ity from proximal and distal cancers to be similar for gastroenter-
ologists and providers who are not gastroenterologists. There are
underlying differences in the biology of proximal and distal CRC

2668 © 2012 by American Society of Clinical Oncology

neoplasia that may contribute to the variable effectiveness of
colonoscopy. Proximal adenomas are often flat®® and harder to
identify than pedunculated polyps that predominate distally. In
addition, distal cancers are more likely to develop through the
chromosomal instability pathway with the classic slow progression
of adenoma to carcinoma®® than proximal colon cancers, poten-
tially providing greater opportunity for colonoscopic detection.

We did not know the indication for colonoscopy. Since
colonoscopy for CRC screening indications was not routinely re-
imbursed by Medicare before 2001, most colonoscopies in our
study were performed for diagnostic purposes. To exclude colono-
scopy performed for signs and/or symptoms of CRC resulting in a
diagnosis, we included only colonoscopy performed more than 6
months before CRC diagnosis, an approach consistent with that of
other studies in the literature.” However, screening colonoscopies
resulting in an immediate diagnosis of cancer were also excluded,
potentially resulting in an overestimation of the strength of the
association between colonoscopy and CRC mortality.”” The time
period of exposure was chosen to ensure a sufficient time for
follow-up after CRC diagnosis in the cases, and it is unclear how
the change in Medicare reimbursement policy may have influ-
enced our results. Of note, the proportion of colonoscopic proce-
dures in the Medicare population associated with polypectomy did
not change substantially between 1999°® and 2003,’! indicating a
similar CRC risk profile during this time period.

Lifestyle factors may be other important unmeasured
confounders—individuals with a healthy lifestyle may be more likely
to undergo colonoscopy despite being at a lower risk of death from
CRC. More significantly, our study was not able to determine family
history; individuals with a family history of CRC may be more likely to
die of CRC and more likely to undergo colonoscopy. However, the
cases for our study were diagnosed with CRC at a relatively advanced
age, and thus confounding by family history is less likely to substan-
tially influence our analysis. The age of cases was selected to ensure
sufficient time to consider exposure to colonoscopy before diagnosis.
We included any colonoscopy recorded in Medicare 6 months or
more before the diagnosis/referent date as an exposure. Although
cases and controls may have undergone colonoscopy prior to Medi-
care eligibility, the median time of potential exposure in our data was
113 months, and all cases and controls had a minimum of 5 years of
potential exposure. We found that colonoscopy was a common pro-
cedure in our control group; 24% were exposed to colonoscopy and
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thus, at a minimum, our findings have important implications for

those age 65 years and older.

Our study confirms that colonoscopy is effective for the pre-
vention of CRC deaths in a US setting and that effectiveness is

lower in the proximal colon. These findings have implications for

cost-effectiveness analyses of CRC screening practices, particularly
those comparing colonoscopy and flexible sigmoidoscopy.>® Our
study also supports a growing body of literature demonstrating a
relationship between specialized training in colonoscopy and ef-
fectiveness. Given the expense and risks associated with screening
colonoscopy, ensuring quality through training, credentialing, and
direct measurement should be an essential component of any CRC

screening program.
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